The aim of this systematic review was to describe the effects of drug exposure during pregnancy on fetal cardiac function. Methods: We searched MEDLINE, Embase, Cochrane and SCOPUS for studies assessing fetal cardiac function in drug-exposed human pregnancies. Risk of bias was assessed by the Risk Of Bias In Non-randomized Studies of Interventions (ROBIN-I) tool. Results: We included 32 studies on eight different drug groups. They included 51 outcome variables, which were all based on ultrasound techniques primarily assessing systolic function: pulsed wave Doppler, tissue Doppler imaging (TDI), and B-and M-mode. Overall, the risk of bias was moderate. β 2 agonists increased the systolic velocity in the ductus arteriosus and the fetal heart rate. β-blockers caused unchanged or decreased systolic velocity of the pulmonary trunk. Corticosteroids increased the velocity in the ductus arteriosus. Furthermore, in growth-restricted fetuses with an increased myocardial performance index (MPI′) on the right side, corticosteroids normalized this variable. Nonsteroidal anti-inflammatory drugs (NSAIDs), but not acetylsalicylic acid, increased the flow velocities in the ductus arteriosus, decreased the shortening fraction and increased the end-diastolic ventricular diameters. Metformin and insulin normalized the diastolic strain and global longitudinal strain in diabetic pregnancies. Highly active antiretroviral therapy (HAART) exposure increased the E/A ratio on the right side, prolonged the isovolumic relaxation time (IRT) and ejection time, shortened the isovolumic contraction time (ICT), and decreased left myocardial systolic peak velocities. Chemotherapy did not cause detectable changes. Conclusion: Six of the eight drug groups caused detectable changes in fetal cardiac function. However, the evidence was hampered by only a few studies for some drugs.
Introduction
More than the half of all pregnant women use prescription medication which exposes the fetus to potential risks [1] , including both structural malformations and altered organ function [2, 3] . The risks of malformations are addressed in epidemiological studies, whereas the assessment of fetal organ dysfunction is often challenging. Nevertheless, it may be very important in allowing us to monitor drug exposure in order to adjust the dosage or to discontinue treatment when indicated.
Echocardiography may, to some extent, allow us to assess the fetal cardiac response to drugs [2] even though we lack consensus concerning the relevance of the different outcome variables. We therefore aimed to describe the effects of drugs on fetal cardiac function, including an evaluation of the gestational ages and the duration of exposure needed to obtain the effects.
Materials and methods
The protocol for this systematic review was registered at PROSPERO (CRD42018100454), and the PICOS was defined as follows: Population: human fetuses before the time of labor; Intervention: drug exposure at either maternal or fetal indication; Controls: no intervention, self-controls, alternative interventions or no controls; Outcome: fetal cardiac function (not malformations) divided into global, diastolic or systolic functions; Study design: full-text papers. We excluded studies of illegal drug use, drug exposure with suicidal purposes or purposes of termination of the pregnancy as well as fetuses with cardiac dysfunction before the time of exposure. Furthermore, we excluded studies only describing Doppler flow measurement in the ductus venosus or fetal heart rate.
Information sources
The search was conducted on September 6, 2019. The databases used were MEDLINE, Embase, Cochrane and SCOPUS, and they were supplemented with studies found by review of the references in the included studies.
Search strategy
Including Mesh search and free-text search: MEDLINE: ((("Fetal Heart"[Mesh] AND "Humans"[Mesh])) AND ((("Chemicals and Drugs Category"[Mesh])) OR "Drug Therapy"[Mesh])) AND "Pregnancy"[Mesh]. Embase: "pregnancy"/exp AND "fetus heart"/exp AND "chemicals and drugs"/exp. Free-text search in MEDLINE and Embase: "Fetal Heart" AND "drug effects" AND "Maternal Exposure". "Fetal Heart" AND "drug effects". "Fetal Heart" AND "medicine". "Fetal cardiac function". "Fetal heart function".
The literature search was conducted by LK and research librarian Anne Vils Møller. LK checked for duplicates and conducted an initial screening and selection of full-text articles based on abstracts. LK and HE independently assessed full-text articles for eligibility based on the predefined PICOS and independently evaluated the risk of bias; any conflicts were resolved by NU.
Risk of bias in individual studies
With the exception of studies with case reports/series design, we evaluated all the studies for the risk of bias using the Cochrane ROBINS-I tool (Risk Of Bias In Nonrandomized Studies of Interventions) [4] . The first two domains cover the confounding (C) and selection of participants (S). The third domain addresses the classification of the interventions (I). The other four domains address protentional bias due to deviations from intended interventions (D), missing data (M), measurement of outcomes (O) and the selection of the reported results (R). The seven domains were ranked by the levels of low (green), moderate (light green), serious (rose) or critical risk of bias (red), or by no information on which to base a judgment about risk of bias (yellow) [4] . The certainty of evidence was graded as high, moderate, low and very low based on the GRADE Working Group grades of evidence [5] .
Results
Among the 2673 records identified after removal of duplicates, 32 studies were eligible according to the predefined PICOS ( Figure 1 ): Seven randomized controlled trials (RCTs), 16 cohort studies, one case-control study and eight case-series or case-reports. Outcomes were all based on ultrasound methods: pulsed-wave Doppler, tissue Doppler imaging (TDI), and B-and M-mode, with detectable differences of diastolic, systolic and global function. However, not fewer than 51 different variables were used, with the majority assessing systolic function by M-mode or pulsed-wave Doppler.
Due to the majority of non-randomized studies, the risk of bias tool used was ROBINS-I [4] . Baseline and timevarying confounding (C) were categorized with serious or critical risk of bias in 16/24 studies. Selection of participants (S) into the study and classification of interventions (I) were dominated by low and moderate risk of bias, 17/24 and 20/24, respectively. Information of deviations from intended interventions (D) and missing data (M) were purely reported in 11/24 and 7/24 studies, respectively, but when reported the levels of bias were low or moderate (12/14 and 15/17, respectively). The risks of bias in measurement of outcomes (O) and reported results (R) were mainly categorized as moderate (16/24 and 17/24, respectively), hampered by low sample size and reduced ability for adjustments.
Changes were reported in six of the eight drug groups (Figure 2 green/red colored).
Anthracyclines
Anthracyclines are used in cancer chemotherapy.
Relevant effects. In children and adults, anthracyclines cause both acute and chronic cardiotoxicity [24, 30] . Certainty of evidence. Low, as there is only one study with a comparison basis ( Figure 3 ). β 2 -Agonists β 2 Adrenergic receptor agonists inhibit uterine contractions and are widely used for the prevention of preterm birth [6] .
Relevant effects. In adults, β 2 adrenergic receptor agonists increase the cardiac output, primarily by decreasing the systemic vascular resistance and increasing the heart rate [6] . In fetal lambs, ritodrine causes hypoxia and tachycardia without changing the blood pressure [7] .
Fetal heart function. Fetal heart rate: Increased or unchanged. Diastolic and global effects: Not assessed. Systolic function: In one study, the ductus arteriosus peak systolic flow velocity (PSV) increased, reflecting the constriction of the ductus arteriosus ( Figure 2 ) [8] .
Length of exposure needed to obtain the effect. A study on nylidrin demonstrated an effect within 12 h [8] , whereas studies on terbutaline and ritodrine did not demonstrate effects even after 60 days of exposure [6, 7, [9] [10] [11] .
Critical gestational age. The study of nylidrin exposure concerned gestational weeks 24-34 ( Figure 4 ). 
Certainty of evidence: High.

Corticosteroids
Betamethasone is a synthetic corticosteroid used for fetal lung maturation [12] . It exhibits minimal mineralocorticoid activity and maximal anti-inflammatory activity.
Relevant effects. In rats and sheep, corticosteroids induce fetal myocardial hypertrophy, increased contractility and constriction of ductus arteriosus, and have pronounced growth-suppressing properties [3, [13] [14] [15] 31] .
Fetal heart function. Diastolic function: No effects [13, 16] . Systolic function: Mild increase in PSV in the ductus arteriosus [13, 15] . The effect was not confirmed in other studies [12, 14] ; however, one case reported severe ductal constriction and tricuspid regurgitation [32] . Synergism: Not with thyrotropin-releasing hormone (TRH) but may aggravate fetal ductus constriction due to indomethacin Length of exposure needed to obtain the effect. The effect on PSV in the ductus arteriosus was detected within 30 min to 12 h [13-15] and normalized 1-3 days after discontinuation [13, 15, 16, 32] .
Critical gestational age. The studies concerned exposure between gestational weeks 24 and 37 ( Figure 5 ).
Certainty of evidence: High.
β-Blocker β-Adrenergic blockers are antihypertensive drugs [21] .
Relevant effects. In adults with hypertension, atenolol decreases the heart rate, cardiac contractility and cardiac output [21] , whereas pindolol and labetalol decrease peripheral vascular resistance with minor effects on cardiac output [21, 22] . Length of exposure needed to obtain effects. The effect of atenolol did not appear until 30 min after exposure [21, 22] . Exposures of labetalol and pindolol for 15-20 min were without effects.
Critical gestational age. The studies concern exposure from gestational week 28 to 40 ( Figure 6 ).
Antidiabetic
These drugs normalize the glucose level in diabetic patients.
Relevant effects.
We have no hypotheses about their direct effects on cardiac function. However, indirect effects by improved glycemic control are most likely [23, 33] .
Fetal heart function. Systolic function: Not assessed. Global function: In a subgroup analysis of diabetic pregnancies with fetuses characterized by abnormal global function, treatment normalized the left ventricular longitudinal strain as well as the early and late diastolic strain rate ( Figure 2 ) [23] .
Length of exposure needed to obtain the effect. No information.
Critical gestational age. The examinations were performed between 30 and 33 weeks of gestation (Figure 7) .
Certainty of evidence: Low, as it was based on a sub-analysis in only one study.
Highly active antiretroviral therapy (HAART)
Highly active antiretroviral therapy (HAART) is used for HIV. The drugs include nucleoside reverse transcriptase inhibitors (NRTIs), non-nucleoside reverse transcriptase inhibitors (NNRTIs) and protease inhibitors (PIs) [25] .
Relevant effects. In adults, an indirect effect on the immune reconstitution inflammatory syndrome is well established [25, 34] .
Fetal heart function. Diastolic dysfunction: Increased E/A ratio on the right side. Systolic dysfunction: Decreased mitral S′ (systolic annular peak velocity) and increased left ICT and IRT [25, 26] . Global function: No effects ( Figure 2) ; however, zidovudine (NRTI) caused hypertrophy of the myocardial walls [26] .
Length of exposure needed to obtain effects. Both studies examined only the long-term effects.
Critical gestational age. The studies concerned gestational weeks 26-32 (Figure 8 ).
Certainty of evidence:
Moderate, due to a substantial risk of confounding by indication.
Nonsteroidal anti-inflammatory drug (NSAID)
NSAIDs inhibit cyclo-oxygenase but with different selectivity for COX-1 and COX-2. Indications are pain, fever, tocolysis and polyhydramnios.
Relevant effects. NSAIDs decrease prostaglandin synthesis.
Fetal heart function. Diastolic and global function: Not assessed. Systolic dysfunction: All NSAIDs increased the PSV in the ductus arteriosus, indicating constriction which might also cause tricuspid regurgitation [17, 28, 35] . Furthermore, one of the two studies found decreased right ventricular fractional shortening probably associated with an increased ventricular inner end-diastolic diameter (Figure 2 ) [14, 28] . Synergism: Betamethasone may aggravate the effect of indomethacin on the ductus arteriosus [14] . It might be of importance that the transfer of sulindac through the placenta is less than that of indomethacin [36] .
Length of exposure needed to obtain effects. The constriction of the ductus arteriosus occurred within 4-30 h and resolved (partly or totally) within 72 h of discontinuation.
Critical gestational age. The sensitivity to indomethacin increased with gestational age: 5-10% of fetuses at weeks [26] [27] ; 50% at week 32 [37] . The included studies concerned gestational weeks 21-40 ( Figure 9 ).
Certainty of evidence:
High.
Low-dose acetylsalicylic acid
Aspirin is an NSAID and a platelet aggregation inhibitor used for prevention of preeclampsia [18] . Relevant effects. The effect of the NSAID indomethacin on ductus arteriosus is well described. Therefore, other prostaglandin synthesis inhibitors such as aspirin and prednisolone might have similar effects, and animal studies on high-dose aspirin have shown constriction the fetal ductus arteriosus [17, 19] .
Fetal heart function. Systolic and diastolic function: No effects. Global function: Not assessed [18] [19] [20] . Synergism: Not for low-dose aspirin in combination with corticosteroids ( Figure 2 ) [17] .
Critical gestational age:
The studies concerned gestational weeks 14-40 ( Figure 10 ).
Certainty of evidence:
Moderate.
Discussion
This systematic review is the first on drug effects on fetal cardiac function. It describes significant effects in six of eight drug groups assessed in 32 studies including 51 different types of ultrasound outcome variables. However, the evidence was hampered by only a few studies for some drugs.
The strength of this review is that the literature search was conducted systematically and that the risk of bias was assessed by a well-established tool [4] . However, the limitation is that due to the heterogeneity of the studies we could not conduct metaanalyses. Furthermore, we did not describe the possible effects of important drugs such as magnesium and sildenafil as the relevant publications did not fulfill our inclusion criteria. It is also a challenge that the simultaneous use of multiple medications sometimes rendered proper interpretation impossible as illustrated by the synergistic effect of corticosteroid and indomethacin. Finally, it was not possible, due to the underlying studies, to observe the drug effect individually in the drug groups of HAART and antidiabetics. We must interpret the results with appropriate humility as illustrated by these examples. Risk of statistical type 2 error: No effect of anthracyclines despite a wellestablished cardiotoxicity in adults [24, 30] . Lack of dose-response studies: No effect of aspirin on the ductus arteriosus, a finding that may be associated with the inclusion of studies covering only low-dose exposure (60-100 mg/day) [18, 20] . The duration of exposure might be too short: No effects of labetalol and pindolol. Gestational age: Most studies evaluated outcomes from gestational week 15 to 40; only studies investigating long-term effects included exposure during the first trimester (HAART and antidiabetics).
Despite these limitations, we can conclude that safety evaluations concerning the use of drugs during pregnancy must include not only an assessment of the risk of fetal malformations but also an evaluation of the risk of fetal cardiac dysfunction, as the certainty of evidence is relatively high for several drugs. One must keep in mind that even when there are no detectable effects in fetal life, harm could evolve later in life. Therefore, we need postnatal follow-ups of organ functions.
However, the lack of gold standards concerning the choice of outcome variables and their interpretation is remarkable. We therefore suggest this topic should be addressed on an international consensus decision. 
